Myasthenia gravis (MG) is a potentially serious, but treatable autoimmune disease affecting the neuro-muscular junction (NMJ) of the skeletal muscle. Ocular myasthenia gravis (OMG) can mimic isolated cranial nerve palsies, gaze palsies, internuclear ophthalmoplegia, blepharospasm, and even a stroke.
History of Myasthenia Gravis
Thomas Willis (1672) and Samuel Wilks (1877) along with their European colleagues, Erb and Goldflam, were the earliest to write about MG. [1, 2] In 1895, the term "Myasthenia Gravis (MG) pseudo-paralytica" was used by German physician, Jolly. Treatment of MG became possible in 1934, when in an episode described as "The miracle at St. Alfege's," Mary Walker treated a case of MG with physostigmine (a cholinesterase inhibitor) on the basis that MG symptoms were similar to those of curare poisoning. [1, 2] Simpson and Nastuck later elaborated the role of the immune system in the pathophysiology of MG independently, and Patrick and Lindstrom (1973) showed that rabbits immunized with purified muscle-like acetylcholine (Ach) receptors developed MG-like symptoms. [3] 
Epidemiology and Demographics
Myasthenia may affect any age group and shows no geographic predilection. [3, 4] Onset of symptoms in the first decade or after the age of 70 years is less common. [2] The incidence ranges from 0.04 to 5/100 000/year and prevalence estimates of 0.5-12.5/100 000/year. [2] Generalized and OMG differ with respect to the demographics of the affected population; whilst the ratio of affected females: males is 3:2 or higher in generalized myasthenia gravis (GMG), more males are affected by purely OMG, more so over the age of 40. [5, 6] Onset occurs at an earlier age in women (mean age 28 years) than in men (mean age 42 years). [3] In India, MG is reportedly more common in males than in females; the age of onset in males is in the sixth to seventh decade, and that in females is seen to be in the third decade. [4] 
Pathophysiology
The NMJ is the site of chemical communication between a nerve fiber and a muscle where motor nerve impulses are transmitted to the muscle cell. An action potential initiates neuro-muscular transmission and results in the release of ACh molecules at the NMJ, which then diffuse across the synapse, bind to receptors on the striated muscle and depolarize the postsynaptic membrane, resulting in muscle contraction.
Antiacetylcholine receptor antibodies (AChR-Abs) have been demonstrated in up to 99% of patients with generalized myasthenia and 40-77% of patients with OMG. AChR-Abs decrease the number of available AChRs by receptor blockade, complement-mediated membrane damage, and accelerated degradation of the receptors. [5] This results in defective transmission at the NMJ and subsequent muscle weakness.
Extraocular muscles (EOMs) are more commonly affected as twitch fibers in EOMs develop tension faster and have a higher frequency of synaptic firing than limb muscles. This makes them more susceptible to fatigue. Furthermore, tonic muscle fibers are necessary to sustain the gaze in any direction. This type of fiber has fewer ACh receptors, which makes them more susceptible to receptor loss or damage. [6] Differences in ACh receptor types expressed in extraocular versus typical skeletal muscle [5] may contribute to increased susceptibility. Furthermore, EOMs represent a distinct muscle allotype with differential expression of numerous genes, including those associated with the immune response. [7] 
Clinical Features
Myasthenia gravis is characterized by a variable weakness of skeletal muscles, which improves on resting. Weakness is exacerbated by repetitive contraction. [5] Generalized myasthenia involves the bulbar, limb, and respiratory muscles; OMG is a subtype of MG where the weakness is clinically isolated to the EOMs, levator, and orbicularis oculi. [5] Expectedly, due to variable involvement of different EOMs, motility patterns are not characteristic of lesions of one or more nerves. [6] Ptosis and diplopia are the initial signs of the disease in over 50% of MG patients; [8] 50-80% of these patients go on to develop generalized disease. [7] In the majority of cases (90%), progression of OMG to its generalized form will occur within the first 2 years after ocular symptoms begin. [9] 
Eyelid Manifestations
Variable ptosis is one of the most common manifestations of MG. Ptosis occurs primarily due to the involvement of the levator palpebrae superioris (LPS) complex. It may be unilateral or bilateral-in bilateral cases, it is often asymmetrical. Ptosis may increase after prolonged upgaze-referred to as the "lid fatigability test." Another clinical sign described is the Cogan's lid twitch, a quick overshooting upward movement followed by a down-drift of the upper lid after the patient performs a saccade back to primary position from looking down for at least 15 seconds. Cogan's lid twitch is however, not specific to ocular MG. [10] When the ptotic eyelid is lifted manually, enhancement of ptosis of the contralateral eye may be noted, explained by Hering's law of equal innervation to yoke muscles.
Other eyelid manifestations of OMG include unilateral eyelid retraction and orbicularis weakness. Lid retraction may be seen with contralateral ptosis as a manifestation of Hering's law (due to increased innervation to the ptotic eyelid), or maybe a sign of co-existent thyroid eye disease, or maybe due to post-tetanic facilitation of the LPS after prolonged upgaze. Orbicularis tone can be evaluated by attempting to open the eyes against forced eyelid closure, which is easily achieved in patients with OMG. Even without forced opening, the eyelids tend to drift apart, and the underlying sclera can be seen -this is called the "peek sign."
Extraocular Muscle Involvement
Diplopia is very common in cases with OMG since even slight weakness of the EOMs causes symptomatic diplopia and since the EOMs do not adapt to variable weakness like limb muscles. [6, 11] Diplopia is, usually, seen with ptosis but maybe present as an isolated finding also. The most commonly affected EOM is the medial rectus followed by the superior rectus. [12] OMG, can mimic any comitant or incomitant strabismus ranging from nerve palsies, gaze palsies, unilateral or bilateral internuclear ophthalmoplegias to even complete ophthalmoplegia. [6] Clinically, OMG should be suspected in any variable incomitant strabismus, with or without ptosis.
Patients with OMG may display hypometric large saccades and hypermetric small saccades, which may be a result of CNS adaptation to EOM weakness. [13] These patients may also show intrasaccadic fatigue, a decline in the saccadic velocity during a long saccade. [14] In rare cases isolated nystagmus may be observed, which probably represents a gaze paretic nystagmus.
In most patients with OMG pupillary examination is, usually, normal, and this serves as a useful tool to distinguish OMG from conditions such as pupil involving third nerve palsy, Horner's syndrome and botulism. Pupillary abnormalities have been described in OMG [15] and pupillographic studies have confirmed reduced velocities of pupillary constriction. [16] There are also reports of fatigue of accommodation with improvement after edrophonium. [17] Diagnosing Ocular Myasthenia Gravis
Tests in the clinic

Sleep test
This test measures the improvement in manifestations of OMG after a period of rest. The patient is asked to sleep or rest with his or her eyes closed for a period of about 30 min. Prior to the test, the patient is examined, and the ocular motility deficits and/or ptosis present are measured. The diagnosis of myasthenia can be confirmed by observing resolution of ptosis or ophthalmoparesis immediately after a 30-min period of sleep. Reappearance of the myasthenic signs over the next 30 s to 5 min adds further confirmation.
Ice test
The Ice test is a simple, but effective clinical test that can be used to confirm the diagnosis of MG. An icepack is placed over the patient's closed eyelids for a period of 2 min (for ptosis) to 5 min (for ophthalmoparesis) [ Fig. 1 ]. [5] The ocular motility deficits and ptosis must be measured before and after the test. Although there are no strict guidelines regarding the interpretation of this test, [1] it is, usually, considered positive when the upper eyelid elevates by at least 2 mm following ice application. [5] Cooling may reduce anticholinesterase (AChE) activity, which increases the amount of available ACh at the neuro-muscular junction. [14] There is thus an increase in the efficiency of ACh in eliciting depolarization at the motor end plate. [18] If the ice pack is used for over 2 min, the test becomes uncomfortable for the patient and reduction of muscle fiber temperature below 22°C will reduce the contractile force of the muscle itself and create potential false-negatives. [19] Resolution of ptosis has been reported in over 90% of OMG patients after the ice test. [20] According to one study, the sensitivity and specificity of this test was 76.9% and 98.3%, respectively. [21] A combination of sleep test and the ice test produces a larger change in lid position than rest alone and is quite sensitive for MG. [20, 22] 
Pharmacological Testing and Laboratory Investigations
Edrophonium test Edrophonium is a rapidly acting and quickly hydrolyzed AChE drug. It prevents the breakdown of ACh by competitively inhibiting the acetylcholinesterase at the NMJ. This results in an increase in synaptic ACh, providing maximum saturation of the limited available receptor population in myasthenia. [5] Intravenous (IV) edrophonium ameliorates the signs and symptoms of OMG. Edrophonium is available as a 10 mg/mL parenteral formulation and is given intravenously. Onset of action begins within 30-60 s after injection, and the effects resolve within 5-10 min. The dose of edrophonium chloride is 0.10 mg/kg in children and 10 mg or less in adults and 0.05-1.0 mg (subcutaneously) in infants. Ptosis and ocular motility deficits should be measured and documented photographically before administration. Initially, 1-2 mg IV test dose is given and if there is no idiosyncratic reaction, 3-4 mg is injected after 2 min. If eyelid position, ocular alignment, or motility do not improve within 1-min, the remaining 8-9 mg is injected, preferably in 2-4 mg increments, waiting 45-60 s between increments. [5] However, doses larger than 5 mg often do not, usually, produce a positive result if lower doses are ineffective. Paradoxical worsening of ocular motility has been reported in patients with MG (up to 25%) due to a depolarizing block caused by excess of ACh. [2, 5] The edrophonium test is best-evaluated by observing for increased strength of a single muscle, such as the levator, rather than changes in relative strength of multiple muscles, as with ocular alignment. [23] Edrophonium can cause various side effects due to the increased muscarinic activity-these include lacrimation, salivation, sweating, and abdominal cramping. Serious side effects include bradycardia, bronchospasm hypotension, and syncope; atropine should be readily available during testing and the testing should only be carried out with continuous blood pressure, pulse, and electrocardiographic monitoring. The test is relatively contraindicated in patients with bronchial asthma and cardiac diseases. The sensitivity of the test is 95% in generalized MG and about 86% for OMG. [11, 24] Neostigmine test Neostigmine is a longer acting AChE being increasingly used as an alternative to edrophonium for diagnostic testing. The peak effect is achieved at about 30 min after an intramuscular injection, although the response may be seen within 15 min. The duration of effect may last for several hours. The usual dose in adults is 1.5 mg, and the drug is administered intramuscularly, in the deltoid muscle. The advantages of Neostigmine over edrophonium include it is a longer duration of action, which makes it more suited to detailed and prolonged examination of ocular motility, diplopia testing, etc. [5] Immunologic testing Elevated AChR-Ab titers confirm the diagnosis of MG. However, a normal titer does not exclude the disease. The presence of an elevated AChR-Ab titer helps to distinguish acquired MG from a congenital myasthenic syndrome since the latter is persistently seronegative. AChRAb testing also provides a baseline for future comparisons and response to immunomodulatory treatment. [5] The absolute antibody titer correlates poorly with the severity of the disease from the patient to patient, but in individual patients, changes in disease severity do tend to be associated with changes in antibody titer. [5] Antiacetylcholine receptor antibodies have been demonstrated in as many as 80-99% of patients with generalized myasthenia and 30-77% of patients with OMG. [5, 23, 25] About 20% of generalized MG patients are seronegative for ACh receptor antibodies. Of these patients, 30% will have autoantibodies against muscle-specific kinase (anti MuSKAb) expressed on skeletal muscle. [6] Patients who are negative for both AChR and MuSKAbs are classified as "seronegative" MG. [26] Almost all myasthenic patients with thymoma have antibodies against skeletal muscle, these have also been found in up to 30% of patients without a thymoma. [27, 28] 
Electrophysiologic testing
In the diagnosis of MG, both repetitive nerve stimulation studies (RNS) and single-fiber electromyography (SFEMG) are recommended. [29] Repetitive nerve stimulation studies The nerve to be studied is electrically stimulated 6-10 times at 2 or 3 Hz (slow rate) with a supramaximal stimulus and the compound muscle action potential (CMAP) is recorded with surface electrodes. In MG, as the number of individual muscle fiber action potentials reduce, the CMAP also reduces in both amplitude and area with a resulting decremental response. [30] In MG, a characteristic decrement (>10%) in muscle action potential amplitude is typically seen by the fourth or fifth response in a series of low-frequency RNS, whereas the amplitude remains the same in normal individuals. [31] This decremental response is seen in only 33% of patients with purely OMG. [32] A decremental response to RNS is not specific and may also be seen in Lambert-Eaton myasthenic syndrome, motor neuron diseases, and myopathies.
Single-fiber electromyography
Single-fiber electromyography is the most sensitive diagnostic test for detecting abnormal neuro-muscular transmission. In SFEMG, a specialized concentric needle records individual muscle fiber action potentials generated by the same motor neuron with a 25 μm diameter recording surface and a 500 Hz high-frequency filter.
When potentials elicited by nerve stimulation are recorded with an SFEMG electrode, the latency from stimulus to response varies. This variation is the neuro-muscular jitter, most of which is produced by fluctuations in the time for end plate potentials at the NMJ to reach the AP threshold. [33] SFEMG has a sensitivity of 85-100% for OMG when used on the frontalis or orbicularis oculi muscle [34, 35] and a sensitivity of 91-100% in generalized MG.
Imaging studies
As many as 70% of patients with myasthenia may have thymic hyperplasia, and 10-15% may harbor a thymoma. [36] Computerized tomography (CT) of the chest is advised in patients diagnosed with myasthenia to detect this association.
Others
Additional testing for thyroid dysfunction may also be considered in patients with myasthenia, since about 4-5% of patients with MG may have concurrent autoimmune thyroid disease. [37] Treatment of myasthenia gravis Treatment is chiefly medical and aims at improving muscle weakness (thereby alleviating symptoms of diplopia and ptosis), achieving disease remission, minimizing drug-induced side effects, and slowing or preventing progression to generalized MG. [38] Acetycholinesterase inhibitors Acetylcholinesterase inhibitors can serve to increase the duration of action of the neurotransmitter. These provide symptomatic improvement, [12] without modifying the long-term immunologic disease activity. Pyridostigmine bromide is the prototype -its onset of action ranges from 30 to 45 min after ingestion and lasts for up to 6 h. In tablet form (30 mg), it is, usually, administered two to four times a day, up to a maximum of 1500 mg/day. An increased incidence of hypotension and bradycardia has been reported when co-administered with beta-blockers or opiates. [6] Other contraindications include asthma and cardiac arrhythmias. While it is the first-line drug to improve symptoms and is generally well-tolerated, only about half of patients with ocular disease show an adequate response to pyridostigmine, with ptosis responding better than diplopia. [39, 40] Neostigmine is an alternative drug of the same class but has a less favorable side effect profile. ACh receptor inhibitors, in general, produce side effects such as diarrhea, nausea, vomiting, and abdominal cramping.
Acetylcholinesterase inhibitors do not influence the natural course of the disease (36% of patients with OMG, who were treated with pyridostigmine and not steroids developed GMG within 2 years). [41] Immunosuppressive therapy may be considered in all patients with myasthenia irrespective of whether or not serum AChR-Abs are detectable [5] and are indicated when AChE inhibitors are intolerable or ineffective. [12] Corticosteroids Corticosteroids are the most widely used immune modulating agents in patients with MG. They chiefly act through their anti-inflammatory properties, additionally causing a reduction in cytokine expression, lymphocyte differentiation and proliferation, and also increase muscle AChR synthesis. [12] Treatment, usually, starts at a dose of 20 mg per day of orally administered prednisolone. Dose optimization requires up-titration over several weeks, generally to a level of 1 mg/kg/day. This may be maintained for 6-12 weeks and then tapered slowly over months. [6, 12] Initiating oral prednisolone therapy with high doses can result in a worsening of symptoms and even lead to myasthenic crisis in up to 15% of patients, [42] hence. patients on corticosteroids should be evaluated monthly.
Corticosteroids produce favorable response in OMG in 66-85% of patients. [41, 43] However, patients rarely go into complete remission with oral corticosteroids alone. Steroids in the course of early OMG may reduce the likelihood of progression to GMG (according to some studies, from a rate of 36-83% in patients without to 7-17% of patients treated with prednisolone). [43] [44] [45] Prednisone may also delay generalization. Without prednisone, GMG develops in 50% of OMG patients, typically within 1-year. [46] Common side effects of corticosteroid therapy include acne, obesity, hypertension, diabetes, osteoporosis, and steroid-induced myopathy. The risk of opportunistic infections is omnipresent, and tuberculosis needs to be ruled out before initiating therapy.
Immunosuppressive therapy
Azathioprine is a purine antagonist which inhibits DNA and RNA synthesis in fast dividing T-and B-cells. Azathioprine can be used both as monotherapy (for example, in steroid-resistant patients) as well as in conjunction with oral corticosteroids. The latter modality has been shown in randomized control trials to have a steroid-sparing effect and is associated with fewer failures and longer remissions. [47] The clinical response to azathioprine alone is, usually, delayed (>6 months), and is accompanied by a progressive fall in AChR-Ab titers. The full effect is seen after 2-3 years of continuous administration. [5, 48] In view of potential hepatotoxicity and bone marrow toxicity, blood counts and liver function tests should be done bi-weekly for the first 2 months after initiating treatment and monthly thereafter. Treatment should be discontinued if the white blood cells count falls below 3000/mm 3 . Dose reduction may be considered if it is below 3500/mm 3 . [12] Azathioprine is potentially teratogenic. [34] Cyclosporine A inhibits calcineurin, which decreases the antigen-stimulated interleukin-2 production in T-cells.
It is a third-line drug and may be of particular use in patients who are dependent or intolerant of steroids and/or azathioprine. Treatment is initiated at a dose of 5 mg/kg/day in two to three divided doses and is subsequently modified is on the basis of serum creatinine levels and clinical response. Improvement in muscle strength and a reduction in AChR-Abs titers have been reported with cyclosporine. [49] Less serious side effects include hirsutism, gingival hyperplasia, gastrointestinal disturbance, flu-like syndrome, myalgia, and hypertension. Renal failure can be fatal. [12] It should be avoided in patients using angiotensin-converting enzyme inhibitors or potassium-sparing diuretics due to the risk of hyperkalemia. [50] Some authors believe side effects make the risks of its use in OMG outweigh the benefits. [6] Mycophenolate mofetil (MMF) selectively inhibits T-and B-lymphocyte proliferation by blocking purine synthesis exclusively in lymphocytes. It is a relatively new drug in the treatment of MG and has been used both as a steroid-sparing agent as well as monotherapy. [3] Mycophenolate mofetil is administered orally in a dose between 1000 and 1500 mg twice a day. Clinical response is, usually, observed only 2 months after initiation of treatment. Treatment with MMF may reduce the rate of generalization of ocular disease. A dose of 1.0 g/day was safe and tolerable as a long-term immunosuppressant for OMG. [51] MMF with prednisone has not been found to be superior to prednisone alone in mild to moderate seropositive GMG patients. [52, 53] Rarely, opportunistic infections, myelosuppression, or hepatotoxicity may occur. [12] Plasmapheresis has a role in the short-term management of acute and severe muscular weakness. The patient's plasma is separated from whole blood and replaced with saline, albumin, or plasma protein fraction, thereby reducing serum AChR-Ab levels. [3, 34] Repeated exchanges (five over 5-10 days) are required to reduce AChR-Ab titers and the total IgG level. [5] The role of plasmapheresis is limited to management of myasthenic exacerbations or crises. It can be used preoperatively to prepare patients for thymectomy or other surgical procedures. Some patients develop exacerbations of weakness when steroid therapy is initiated; plasmapheresis may be of value in these patients.
Intravenous immunoglobulin (IVIg) accelerates the catabolism of IgG in addition to suppressing antibody production and inhibiting complement activation and Fc receptor function. Its role is limited to the perioperative management of patients and treatment of myasthenic crisis. [2] Thymectomy has for long been known to have a benefit in patients with MG. [54, 55] However it may not be effective in pure OMG; on the contrary, it may have the same outcome as nonoperative management. [56, 57] Thymectomy is, usually, recommended in patients with documented thymic enlargement on CT scans, in patients early in the course of their disease and those younger than 60 years of age. [3] Response to thymectomy may be delayed for several years.
Available data show that the thymectomy leads to clinical improvement in 70-80% of the patients, with approximately 35% reaching complete remission. [58] [59] [60] It has also been suggested that patients who underwent thymectomy, despite having no signs of thymoma on computed tomography, were less likely to progress to GMG and more likely to experience full remissions. [61, 62] Supportive measures include the use of prisms or occlusion therapy for those with persistent diplopia and crutch glasses for severe ptosis. Strabismus or lid surgery may be offered to selected patients who have stable findings for a period of at least 6 months.
Pediatric Myasthenia
MG in children can be classified based on the age at onset and disease pathogenesis -transient neonatal myasthenia, congenital myasthenia, and juvenile autoimmune myasthenia. [63, 64] Neonatal transient myasthenia occurs due to transplacental transfer of maternal AChR-Abs. Infants may show ocular and systemic features; most recover spontaneously and usually need only supportive care.
Congenital myasthenia syndromes refer to a subset of children with myasthenia where the disease is caused by structural or functional, presynaptic or postsynaptic abnormalities. These may result in inadequate release of ACh or AChR dysfunction, such as slow channel or prolonged open channel syndrome. Since the primary pathology is not immune mediated, immunosuppressive drugs have little or no effect in these cases. AChE agents may be useful in some forms. The treatment in these cases is mainly supportive. [65, 66] Juvenile MG is caused by AChR-Abs and like the adult form, may be ocular or systemic. The rates of generalization of ocular to systemic myasthenia are lower than in adults. [66] Treatment with AChE agents, steroids, and thymectomy has been described. [67] Thymectomy may be useful in juvenile OMG and may play a role in the prevention of generalization. [68] Other concerns in the pediatric age group include variations in serological testing, technical difficulty in performing tests such as SFEMG and amblyopia evaluation -which are, unfortunately, often overlooked in these patients.
